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(3) Acryiate esters of 1,1,1-trishydroxyphenylethane. 

@ Novel mono-, di- or tri-acrylate esters of 1,1,1-trishydroxyphenylethane are produced by acrylating 1, 
1,1-tris (4'-hydroxyphenyl) ethane. The esters may be polymerized or copolymerized in the presence of a 
free-radical Dolvmerization initiator. 
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Field of the invention 

The present invention relates t acrytate esters of 1 f 1,1-trishydroxyphenylethane (THPE) or more particu- 
larly to mono-, dh and triacrytated esters of THPE. The invention also relates to a process for their preparation, 
5 their use as multifunctional polymerizable monomers, and homo- and copolymers produced therefrom. Such 
compounds find use in the production of protective coating compositions, adhesives, photosensitive comp o- 
sitions, and the like . " " 

Background of the invention 

10 

Acrytate esters of 1, 1,1-trishydroxyphenylethane may be produced by reacting 1,1,1-tris(4'-hydroxyphenyl) 
ethane with an acrylating agent as hereinafter described. It is known in the art that the intermediate 1 ,1,1-tris(4'- 
hydroxyphenyl) ethane may be produced by reacting 4-hydroxyacetophenone with phenol. Typically this is per- 
formed with phenol also used as the solvent for the mixture. THPE itself may be produced according to a method 

15 described in U.S. patent application 07/478,072, fled February 9. 1990, and European patent application' 
91301042.7, filed 8 February 1991, the disclosure in which is incorporated herein by reference. According to 
that disclosure, very pure THPE is obtained by washing a crude reaction mixture of 4-hydroxyacetophenone 
and phenol with a THPE saturated wash/methanol liquid prior to a recrystallization. It has been found that by 
use of such a wash yields of pure white THPE are good, and solvents have a more productive use. As a result 

20 of the process, most of the color bodies are removed in the wash stage where the color of the crude THPE 
changes from a dark rusty color to a light tan. The balance is removed in the recrystallization. With crude THPE 
washed with recycled recrystallization fBtrate, only a single recrystallization from methanol/water is necessary 
to meet white color and high purity requirements. This recrystallization is basically a precipitation of THPE from 
the methanol/water solution. By acrylating THPE, one produces the inventive monomelic mono-, di-or tri-acry- 

25 late esters of 1 , 1 ,1 -trishydroxyphenylethane. These may be polymerized, copolymerized and/or crossl inked by 
the use of known free radical polymerization and crosslinking techniques. 

Summary of the Invention 

30 The invention provides, as a composition of matter, mono-, di- and tri-acrylate esters of 1.1,1 -trishyd- 

roxyphenylethane. The invention also provides a method for the-production of acrylate esters of 1.1 ,1-trishyd- -* 
roxyphenylethane which comprises acrylating 1.1 v 1-UTs(4'-hydroxyphenyl)ethane. The inventive compounds v 
have the general formula 

35 OOC-C»CH 2 

I I 
0 R 

X— 0— -CH 3 

AO i 

& 

I 

X 

45 where 0 = a phenytene group 



50 



-OH or -OOC-C=CH 2 , and 
R 



R = H, alkyl or aryi. preferably C,-Ce alkyi or C«rC, 0 aryl. 

The invention also comprises homopolymers and copolymers of these monomers as well as a method for 
preparing such homopolymers and copolymers by free radical initiating the monomers. Articles may be prep- 
55 ared by disposing such compositions on substrates such as metals, plastics, and the like. 
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Detailed D scription f the Preferred Embodiment 

As hereinbefore mentioned, the producti n of 1,1 . 1-tris(4'-hydroxyphenyl)ethane may b performed by th 
reaction of 4-hydroxyacetophenone with phend. wherein phenol is the supporting solvent as well as a reagent 

5 The reaction takes place under catalytic conditions, with hydrochloric acid and beta-mercapto propionic acid 
as preferred co-catalyst The resulting reaction product contains significant amounts of impurities which are 
removed as described hereinafter. An impure, substantially solid crude admixture of freshly produced THPE 
contains ^1,1-tris(4'-hydroxyphenyl)ethane (THPE)* residual 4-hydroxyacetophenone, phenol, chlorides, 
THPE isomers, bis-(hydroxyphenyi)ethene isomers, color bodies and other unidentified parts which are sought 

10 to be removed. 1,1.1-Tris(4'-hydroxyphenyl)ethane may be obtained from a substantially solid crude admixture 
containing 1.1.1-ms(4'-hydroxyphenyl)ethane and the impurities resulting from the catalytic production of 1.1, 1- 
tris(4'-hydroxyphenyi)ethane from 4-hydroxyacetophenone and phenol. The THPE purification method pro- 
ceeds by: 

a) washing the crude admixture with a saturated solution of 1.1,1-tns(4'-hydroxyphenyl)ethane in a solute 
15 comprising from about 60% to about 75% by weight of water and from about 25% to about 40% by weight 

of methanol; and 

b) isolating the washed crude admixture from the formed effluent washing composition, and dissolving the 
washed crude admixture in methanol, and 

c) adding sufficient water and sodium borphydride to the dissolved, washed crude admixture to form a pre- 
20 cipitate of 1.1.1-tris(4 f -hydroxyphenyi)ethane, and * 

d) filtering the precipitate to thereby form a purified 1.1.1-tris(4'-hydroxyphenyl)ethane and a filtrate; and 

e) rinsing the resultant filtered precipitate of 1 .1 ,1 -tris(4'-hydroxyphenyl)ethane with a solution of sufficient 
methanol and water, which optionally contains 1,1.1-tris(4'-hydroxyphenyi)ethane up to the saturation 
point, and conducting the rinsing for a sufficient time to remove substantially all residual colored impurities 

25 from the precipitate. 

In the first step of the purification method, one washes the crude admixture with a saturated solution of 
1,1,1-tos(4'-hydroxyphenyl)etriane in a solute comprising from about 60% to about 75% by weight of water and 
from about 25% to about 40% by weight of methanol. Preferably this washing is conducted in several washing 
steps. It has been found that by employing a saturated solution of THPE in the washing solution, that THPE 

30 loss from the crude admixture is substantially reduced. Prior to washing, the crude admixture typically contains 
from about 15% to about 30% by weight of residual phenol. Since-phenol is a good solvent for THPE, it is desired 
to reduce the phenol content prior to the washing step simply by vacuum draw of the phenol. 

However, it has been found that if too much phenol is drawn off, that although the THPE recovery is good," 
the purity of the product is unsatisfactory, toss of THPE during the wash of the crude admixture is basically - 

35 caused by the presence of phenol although the washing solution is THPE saturated. Phenol content may be 
controlled by pumping off the crude admixture before the wash or by use of a hot nitrogen flow through the 
crude admixture to cause the phenol, which is the most volatile component, to leave the system before the wash^ 
Generally it is desired to obtain THPE with a 99.5% or greater purity and having a whiteness measure (APHA) 
of 200 or less, preferably 1 50 or jess. Therefore a phenol content of at least about 1 .0% and up to about 30.0% 

40 based on the weight of the crude admixture is desired. More preferably the phenol content is adjusted to from 
about 4.0% to about 10% and most preferably from about 4.5% to about 7.5%. A single most preferred phenol 
content is about 5.0%. Therefore, in the most preferred case, the phenol content of the crude admixture is first 
adjusted to these levels before conducting the washing step. 

Next, after the washing step, one isolates the washed crude admixture from the formed effluent washing 

45 composition. This can be done by performing the washing on a filter plate while stirring and then drawing down 
the filtrate. The solid, washed crude admixture is then dissolved in sufficient methanol to effect a dissolution. 

One then adds sufficient water and sodium borohydride to reduce the dissolved, washed crude admixture 
and to form a precipitate of 1,1.1-tris(4'-hydroxyphenyl)ethane. The sodium borohydride also acts as a pH 
adjusting reagent during the recrystallization. In the preferred embodiment, the amount of sodium borohydride 

so added ranges from about 0.0003% to about 0.3%. preferably from about 0.003% to about 0.07% and most pref- 
erably from about 0.01% to about 0.03% based on the weight of methanol and water. If the phenol content.in 
the crude admixture has been reduced prior to washing, it is preferred that sodium borohydride is added to the 
methanolic solution THPE solution. After stirring, carbon in the form of charcoal, is added to the methanolic 
THPE solution and filtered off prior to having added more sodium borohydride plus water. This is most advan- 
55 tageous when the phenol content has been reduced to 15% or less in the pre-washed crude admixture. In the 
preferred embodiment the amount of carbon added ranges from about 0.001 % to about 1 .0%, preferably from 
about 0.01% to about 0.8%, and most preferably from about 0.05% to about 0.3% based on the weight of 
methanol. 
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One thenfflte/s the precipitate to thereby form a purified, recrystaflized 1,1.1-tris(4Miydroxyphenyt)ethane 
and a filtrate. The next step is rinsing the resultant filtered precipitate of 1.1.1-tris(4'-hydroxyphenyl)ethane with 
a soluti n of sufficient methanol and water, which pti nally contains 1.1.1-tris(4^hydroxyphenyi)ethane up to 
the saturation point, and conducting the rinsing for a sufficient time to remove substantially all residual colored 
impurities from said precipitate. The rinse mixture preferably comprises water and methanol in a 2:1 to 6:1 
weight ratio. One may perform an optional stabilizing rinse with an aqueous sodium dithionate solution at this 
stage. Typical sodium dithionate solutions may range from about 0.01% to about 1.0%, preferably from about 
0.05% to about 0.5% by weight in water. Finally, the product is dried. 

It has been found that one may use this colored, resultant filtrate as the washing solution in the washing 
step of another crude admixture batch. Although this filtrate contains sodium borohydride and removed, colored 
bodies and other impurities in addition to water, methanol and THPE. it has been found that these are substan- 
tially removed in the effluent of the washing step. If the filtrate color is pink one should treat it with sodium dithion- 
ate to change it to a light yellow color prior to using the filtrate to wash the next batch of crude admixture. A 
suitable amount is about 0.1 weight percent of saturated aqueous sodium dithionate. Therefore, this filtrate ser- 
ves double duty in the overall process and significantly reduces the amount of fluids which must be recycled 
or treated before ultimate discharge. 

The acrylate esters of 1,1.1-trishydroxyphenyl ethane may be produced by reacting the 1,1,1-tris(4'-hyd- 
roxyphenyi)ethane with ana crylating agent under suitable reaction conditions. The degree of esterification may 
be controlled by regulating the amount of the acrylating agent used. The most preferred acrylating aqent is 
» acryloyl chlorid e. 

The monomer may be polymerized by a free radical initiation process to produce homopolymers such that 
. jt has a molecular weight in the range of from about 200,000 to about 10,000,000 preferably from 200,000 to 
about 1,000,000 or more preferably about 500,000 to about 1,000,000. It is predicted that essentially any free 
radical initiation system will serve for this purpose. One free radical initiation method is by photopolymerization 
wherein the acrylated THPE is admixed with a photopolymerization initiator in a suitable solvent composition^ 
and thereafter exposed to light One preferred free radical initiator is azoisobutyronitrile. Other azo type initiators* 
are also suitable. Still others non-exclusively include peroxides such as benzoyl peroxide, and dM-butyi 
peroxide. Free radical liberating photoinitiators include any compound which liberates free radicals on stimu- 
lation by actinic radiation. Preferred photoinitiators nonexclusively include quinoxaline compounds as des- 
cribed in U. S. Patent 3,765,898; the vicinal polyketaldonyl compounds in U. S. Patent 2,367,660; the 
aipha-carbonyls in U.S. Patents 2,367.661 and 2.367,670; the acyloin ethers in U. S. Patent 2.448,828; the 
triarylimidazolyl dimers in U. S. Patent 3.479.185; the alpha-hydrocarbon substituted aromatic acyloins in U. 
S. Patent 2,722,512; polynuclear quinones in U. S. Patents 2,951 ,758 and 3,046,127; and s-triazines in U. S. 
Patent 4,656,272. All of the foregoing patents are incorporated herein by reference. In the practice of the present * 
invention, the photoinitiator component is preferably blended with the acrylated THPE, in a suitable solvent 
composition, an amount ranging from approximately 2% to 30% based on the weight of the solids in the mixture. ; 
A more preferred range is from approximately 6% to 20%. 

The polymer set forth above is preferably a homopolymer, but it may also be a copolymer wherein the co- 
monomers are units of styrene, acrylates. methacryiates and maleimides. The co-monomer unit may optionally 
40 be substituted with a variety of pendant groups in order to adjust the properties of the compound as desired 
by the user. Specifically, the aforementioned acrylated THPE monomer may be co- or terpolymerized under 
the foregoing polymerization conditions in the presence of one or more additional monomers which may be 
ethylenically unsaturated compounds, acetoxy styrene. substituted acetoxystyrene, hydroxystyrene. substi- 
tuted hydroxystyrene, maleic anhydride, maleimides, styrene, acrylates and methacryiates such as methyl 
methacrylate, and butyl acrylate wherein the copolymer or terpolymer has an average molecular weight in the 
range given above. 

Preferably the acrylated THPE monomer is co-polymerized with a compound which is an addition polymeri- 
zable, nongaseous (boiling temperature above 100°C at normal atmospheric pressure), ethylenically unsatu- 
rated compound containing at least two terminal ethylenically unsaturated groups, which is capable of forming 
a Jitghmolecular weight polymer by free radical initiated, chain propagating addition polymerization. Su itable 
polymerizable materials nonexclusivelv include Methylene Qlvcol dimethacry late. tripropylene glycol diacrylate, 
tetraethylene glycol dimethacrylate, diethylene glycol dimethacrylate r 1,4-butanediol diacrylate, 1,6-hexanediol 
dimethacrylate. pentaerythritol tetraacrylate, trimethylol propane triacrylate, trimethylol propane Dimethacry- 
late, di-pentaerythritol monohydroxypentaacryiate. pentaerythritol triacrylate, bisphenol A ethoxylate dimethac- 
55 rylate, trimethylol propane ethoxylate triacrylate, and trimethylol propane propoxylate triacrylate. 

One may employ the foregoing homopolymers, copolymers and terpolymers in protective surface coatings 
and adhesive blends. They may also be used in admixture with a photosensitizing agent to form a photographic 
element such as a photoresist. In the production of a photosensitive composition and photographic element. 
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on blends the abov produced polymer with a ph tosensitizer and a suitable solvent until a homogeneous 
solution is formed. The solution is then coated on a suitable substrate and dried unffl it is non-tacky It is then 
imagewise exposed t light and devel ped. Ph tosensitizers are known to the skilled artisan as demonstrated 
by Ught Sensitive Systems. Kosar, J.; John Wiley & Sons, New York, 1965 which is incorporated herein by 
reference. The monomer may also be used as a component of a photopofymerirable element wherein the 
monomer, initiator and a solvent are coated on a support, dried, and imagewise exposed to light with subse- 
quent development In another embodiment, the acrylated polymer may be crosslinked by admixture with a 
crosslinking agent with subsequent heating. In one case the acrylated THPE polymer and crossJinking agent 
are mixed, coated on a support, and crosslinked with heat in the presence of a catalytic amount of an acid 

The crosslinking component is a compound, which when in the presence of heat, and preferably a catal ytic 
amoun: or acid, is capable o f crosslinking the foregoing acrylated THPE polymer. Cro sstinkino compound* for 

such use have the general formula _ 

R'O-CHz-A-CHz-OR' 

wherein A is a monomelic, aromatic hydrocarbon having one or more fused or unfused, separated or unsepa- 
rated rings and each R unit is independently H. (C-CJalkyl, (C r Ce) cycloalkyl. aryt or aryialkyl. 

The preferred crosslinking compound is dimethylol paracresol as described in U.S. 4,404,272 which is 
incorporated by reference, and its ether and ester derivatives including phenol, 2,&.bis(hydroxyetnyl)-4-methy|- 
benzene. 1-methoxy.2.6-biMhydroxymethyl-4^nethyl; phenol, 2.6-bis(methoxymethyi)-4-methyl; and ber>^ 
zene. 1-methoxy-2,6-bis(methoxymethyl)-4-methyl; methyl methoxy diphenyl ether, melamine formaldehyde 
resins and compounds and alkylated analogous thereof having 1 to about 3 monomer units such as those typi- 
cally sold under the trade names Cymel from American Cyanamid and Resimene from the Monsanto Company 
for example hexamethylol melamine hexamethyl ether. 

In the preferred photoresist composition, the crosslinking compound is present in a mixture with the acry- 
lated THPE monomer, polymer or copolymer in an amount of from about 0.5 to about 7 weight percent of the 
solid components of the composition, more preferably from about 2 to about 6 weight percent, and most pref- 
erably from about 3 to about 5 weight percent 

The following non-limiting examples serve to illustrate the invention. 

Example 1 

1,1,1 ,-tris(4'-acrytoxyphenyl)ethane 

318 g (1.04 mpl) 1.1.1-Trishydroxyphenylethane, 314 g (3.08 mol) triethyl amine, 0.75 g methylhydro- • 
quinone and 500 ml of methylene chloride are added to a 5 liter flask and cooled to 0°C. A mixture of 300 g < 
(3.3 mol) of acryloyl chloride, and 1300 ml of methylene chloride are added over a four hour period while main- 
taining the temperature at 0°C. When the mixing is complete, the mixture is allowed to warm to room tempera- * 
ture and stirred overnight Several liters of water are added to precipitate triethylammonium hydrochloride. The*' 
organic phase is separated and dried over magnesium sulfate. After adding an additional 0.25 grams of 
methylhydroquinone, the organic phase is evaporated using an air sparge, affording a light yellow viscous liquid. 

Example 2 

1,1.1 -tris(4'-acryloxyphenyt)e thane 

30.6 g (0.1 mol) of 1,1,1-trishydroxyphenylethane, 30.3 g (0.3 mol) of triethylamine, 0.25 grams of 
methylhydroquinone and 150 ml of tetrahydrofuran are added to a flask at 0°C. A mixture of 27.5 g (0.3 mol) 
of acryloyl chloride and 50 ml of tetrahydrofuran are added over three hours and left to stir overnight 200-300 
ml of water are added. The tetrahydrofuran solution is precipitated, evaporated and dried to yield 48-49 grams 
of a thick, light yellow liquid. 

Example 3 . 

11 1.3 grams of 1 ,1 ,1-trishydroxyphenyl ethane, 1 10.2 grams of triethylamine, 0.25 grams of methylhydro- 
quinone and 200 ml of methylene chloride are added to a flask at 0°C. Then 100 grams of acryloyl chloride 
and 500 ml of methylene chloride are added over four hours to yield a light yellow solution with a heavy preci^ 
p.tate. Two liters of water are added. The methylene chloride is extracted and the mixture is dried. 0.25 grams 
of methylhydroquinone are added and the mixture is evaporated under an oxygen sparge. 

It will of course be understood that the present invention has been described above purely by way of 
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example and that modifications of detail can be made within the scope of the invent! n 

hi JI" d !^" d f * the subsidiaf y da ™ s Hereinafter do not imply any limitati n as t the possiW 
binatoons of th features menti ned in those claims. 

Claims 

1 Mono-, di- and tri- acrytate esters of 1.1.1-trishydroxyphenylethane having the formula 



OOC-C^CH? 
O R 



-CH, 



6 — • 

I 

X 

where 0 = a phenylene group 

X = -OH or -ooc-c=CH 2 , and 
R 

R = H, alkyl or aryl. 

2. The acrylated esters of claim 1 wherein R is C,-Ce aikyl or Ce-C 10 aryl. 

3. The acrylated esters of claim 1 wherein each X is 

-OOC-C=CH 2 . 
I 

R 

*• ^AtcjDigposjtfon 

(a) 4 ^p^dktand^^^^rB of 1,1>trishydroxyphenvf ethane having the formula 

OOC-OCH 2 

l I 2 

0 R 
X— 0 j- CH 3 

0 

I 

where 0 = a phenylene group 
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X ° -OH or -OOOC=CH 2 , and 
I 

R 



10 



15 



25 



R = H, alkyl or aryt 

(b) one or more compounds selected from the group consisting of free radical polymerization initiators 
and crossl inking a gents> 

5. An article which comprises the composition of claim 4 disposed upon a substrate. 

6. The composition of daim 4 comprising a free radical polymerization initiator selected from the group con- 
sisting of an azo compound, a peroxide, quinoxaline compounds, polyketaldonyl compounds, alpha-car- 
bony! compounds, acyloin ethers, triaryiimidazolyl dimers, alpha-hydrocarbon substituted aromatic 
acyioins, pdynuclear quinones, and s-triazines. 

7. The composition of claim 4 comprising a crossfihking compound having the general formula 

R'OCHrA-CHrOR' 

wherein A is a monomelic, aromatic hydrocarbon having one or more fused or unfused, separated or 
unseparated rings and each R' unit is independently H, (Ct-CJalkyl, (Cg-C^) cycloalkyi, aryl or aryialkyi. 

8. The composition of claim 4 wherein R is Ct-C 6 alkyi or Ce-C^ aryl. 

9. The composition of claim 4 wherein each X is 



30 



-OOC-C=CH 2 , 
I 

R 



10. A polymer or copolymer of the formula 



35 



40 



45 



X— o- 



ooc-c 

I I 



I 

X 







CH 3 










n 



-ch 2 — y 



50 



Where 0 = a phenylene group 
X 



-OH, -OOC-C=CH 2 or -OOC-C-CH 2 -, 

I I 
R R 



55 



R = H, alkyl or aryl 

Y is selected from the group consisting of a residue of 
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OOC-C=CH 5 

I I 2 
0 R 



X— ©- 



-CH, 



10 



15 



20 



X / 

and the residue of an ethylenically unsaturated compound; and n is selected to yield a polymer having a 
molecular weight in the range of from about 200,000 to about 10,000,000. 

11. The polymer of claim 10 wherein R is <VC 6 aikyl or Ce-C 10 aryl. 

12. The polymer of claim 10 wherein each X is 



-OOC-C«CH 2 , and 
R 



25 13. The polymer of claim 10 wherein Y is a residue of 



30 



35 



OOC-C=CH 2 

I I 
0 R 

X— o- J CH 3 

0 

I 

X 



14. The polymer of claim 13 wherein R is C,-C 6 aJkyl or Ce-C 10 aryl. 
40 15. The polymer of claim 1 3 wherein each X is 



45 -OOC-C=CH 2 , and 

R 



so 



55 



16. A copolymer according to claim 10 wherein Y is selected from the group consisting of a residue of acetoxys- 
tyrene, hydroxystyrene, maleic anhydride, maleimides, styrene, aoylates^r^ 

17. A composition comprising the polymer or copolymer of claim 10 in admixture with a crosslinking compound. 

18. The composition of claim 17 wherein the crossiinking compound has the formula 

R'0-CH r A-CH 2 -OR' 

wherein A is a monomeric, aromatic hydrocarbon having one or more fused or unfused, separated or 
unseparated nngs and each R< unit is independently H, (C^alkyl. (C r C 6 ) cydoaJkyl, aryl or arytalkyl. 



8 



BP 0 475 628 A1 

19. An article which comprises the composition of claim 17 disposed up n a substrate. 

20. A method for the production of mono-, d*k and tri-acrytate esters of 1.1,1-trishydroxyphenylethane having 
the formula 



10 



15 



X— 0- 



OOC-C=CH 2 

I I ■ 
0 R 

CH 3 



o 

I 

x 



where 0 = a phenylene group 



20 



25 



30 



X - -OH or, -OOC-C=CH 2 , and 
R 

R = H, alkyl or aryJ 

which comprises reacting about one equivalent of 1,1 ( 1-tris(4'-hydroxyphenyl)ethane with from abouM 
to about 3 equivalents of an acryiating agent in an amount sufficient and for a sufficient time, and at a suf- 
ficient temperature to produce an acrylate ester of 1,1,1-trishydroxyhenyl ethane. 

21. The method of claim 20 wherein R is C,-C e alkyl or Cb-C 10 aryl. 

22. The method of claim 21 wherein each X is 



35 



-OOOC=CH 2 • 
I 

R 



23. The method of claim 21 wherein the acryiating agent is acryloyl chloride. 
40 24. A method of producing a polymer or copolymer of the formula 



45 



50 



ooc-c- 

I I 

0 R 



X— 0- 



-CH, 



0 

I 

X 



-ch 2 — y 



which comprises free radical polymerizing a compound having the formula 



55 
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OOC-C=CH 2 
0 R 



X— ©~ 



-CH 3 



0 

I 

X 



with a compound Y which is selected from the group consisting of a residue of 

OOC-C=CH-> 

I I 2 
0 R 



X— 0- 



-CH 3 



0 

I 

X 



and the residue of an ethyienically unsaturated compound; 
where 0 = a phenyiene group 

X - -OH, -ooc-c=CH 2 or -ooc-c-CH 2 -, and 



R = H, aikyl or aryl; and 

n is selected to yield a polymer having a molecular weight in the range of from about 200,000 to about 
1 0,000,000. 

25. The method of claim 24 which is conducted with a free radical polymerization initiator selected from the 
group consisting of an azo compound, a peroxide, quinoxaline compounds, polyketaldonyl compounds 
alpha-carbonyl compounds, acytoin ethers, triarylimidazolyl dimers, alpha-hydrocarbon substituted 
aromatic acyloins, polynuclear quinones, and s-triazines. 
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